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Abstract 
To know how well roadways accommodate pedestrian travel or how they are pedestrian friendly it becomes 
necessary to assess the walking conditions. Estimation of PLOS criteria is very important as this is the first step 
of LOS analysis but this is not well defined in Indian context. The analysis followed in India is basically an 
adaptation of the Highway Capacity Manual (HCM) 2010 methodology. However, the defined ranges of various 
measuring parameters mentioned in HCM 2010 are more suitable for developed countries. In this research, an in-
depth study has been carried out to define PLOS criteria of urban off-streets facilities in developing countries 
having heterogeneous traffic flow conditions. Defining LOS is basically a classification problem and to solve it 
Affinity Propagation (AP), a very recently developed cluster algorithm is used. Inventory details and speed data 
are collected from two important cities (Bhubaneswar and Rourkela) of Odisha state, India having less than a 
million populations, through the application of video camera.  
After the collection of data, based upon average pedestrian space, flow rate, speed and volume to capacity ratio 
(v/c), six categories of PLOS are estimated. PLOS ranges found from this study for six categories (A-F) using 
average pedestrian space are (in m2/pedestrian) >15.67, >(13.84-15.67), >(10.67-13.84), >(7.63-10.67), >(5.08-
-0.081), >(0.081-0.096), >(0.096-0.116), 
>(0.116-0.141), > 0.141, speed are (in m/pedestrian) >1.51, >(1.32-1.51), >(1.13-1.32), >(0.91-1.13), >(0.69-
-0.57), >(0.57-0.76), >(0.76-0.9), >(0.9-1), >1 for 
PLOS categories A, B, C, D, E and F respectively.  The PLOS ranges defined in this study are proportionately 
lower than that mentioned in HCM (2010) because of highly heterogeneous traffic flow and low volume of 
pedestrian movements in less than a million population cities in Indian context. 
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1. Introduction 
India being a developing country, the traffic especially in urban street is very much heterogeneous consisting 
various kind of vehicles having different operational characteristics. There is a pressing need to overhaul the 
existing pedestrian guidelines or develop appropriate guidelines for Asian cities; particularly for Indian cities. 
The available guidelines are often ambiguous or inequitable and rarely enforced in cities. Traffic experts still rely 
on speed as the basis of performance measurement for pedestrian in urban areas, as found in the United States 
Highway Capacity Manual.  
 
At present no proper methodology is available to evaluate Pedestrian Level of Service (PLOS) provided by 
urban streets in India. It is important to develop suitable methodologies for level of service analysis of urban 
streets. Defining PLOS criteria is a module of level of service analysis procedure for urban streets. These 
methodologies affect the planning, design, and operational aspects of transportation projects as well as the 
allocation of limited financial resources among competing transportation projects. This envisages the importance 
of suitable methods that should be adopted while defining pedestrian level of service criteria of off street facilities 
in the context of cities in India. As PLOS is not well defined for highly heterogeneous traffic flow condition on 
urban corridors in India, an attempt has been made in this regard to define pedestrian level of service criteria in 
this study.  In this study two important cities, Bhubaneswar and Rourkela of Odisha state, India are taken as the 
study area. By using video data collection procedure all the field data like speed of pedestrian, effective walkway 
width and pedestrian hourly volume are collected. For the determination of different level of service (LOS) 
categories parameters like flow rate, pedestrian space and volume by capacity ratio are calculated. Then with the 
help of Affinity Propagation clustering methods six different ranges of PL
are determined.  
 
trian space values 
as boundaries for the various LOS. According to HCM 2000 pedestrian facilities can be of two types that are 
uninterrupted and interrupted. When pedestrian facilities are not affected by any motorized modes of travel then 
the facility is known as the uninterrupted pedestrian facility or off-street pedestrian facilities and vice versa. 
Several studies have been performed relating to the analysis of PLOS of pedestrian facilities. Dandan et al. 
(2007) quantificationally analysed the correlation between the pedestrian LOS and the affected factors on the 
basis of the analysis of urban roads with typical road transect form.  It interpreted that the factors which 
significantly affected the pedestrian LOS were the bicycle volume, the vehicle volume, the pedestrian volume, 
driveway access frequency and the distance between sidewalk and vehicle lane.  Also a pedestrian LOS model 
has been developed with the significant variables. Muraleetharan and Hagiwara (2007) focused on examining the 
influence of overall LOS of sidewalks and crosswalks on pedestrian route choice behaviour and attributes 
affecting overall LOS of sidewalks and crosswalks.  Smith (2009) suggested that perceptions as well as objective 
assessment of the environment are significant in different ways in predicting walking behaviour. Petritsch et 
al.(2008) incorporated traffic volumes on the adjacent roadway and exposure (i.e., crossing widths) at conflict 
points with intersections and driveway and the study reveals that traffic volumes on the adjacent roadway and the 
density of conflict points along the facility are the primary factors in the LOS model for pedestrians traveling 
along urban arterials with sidewalks. Sisiopiku et al. (2007) compared the various pedestrian sidewalk 
assessments and shown that the same sidewalk segment may receive multiple LOS ratings when different 
assessment methods are considered and the fact applies to sidewalks located on both urban and campus-like 
environments. Houten et al. (2007) stated that because pedestrian signal violations at mid-block crosswalks are 
associated with pedestrian crashes, it is important to improve pedestrian signal compliance at these locations. One 
way to improve compliance is to decrease pedestrian delay by reducing minimum green time. Miller et al. (2008) 
investigated the approach speed and passing clearance that seg-way devices exhibit on encountering a variety of 
obstacles on the sidewalk. 
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Affinity propagation is a theoretic clustering method recently developed by Frey and Dueck (2007). This 
algorithm simultaneously considers all of data points as possible exemplar (center point) where each message is 
sent to reflect the latest interest which is owned by each data point to be able to select another data points as their 
exemplar. In recent past researchers have used this efficient and accurate algorithm in solving various clustering 
problems.  Xia et.al. (2008)  presents two variants of AP for grouping large scale data with a dense similarity 
matrix. The local approach was Partition Affinity Propagation (PAP) and the global method was landmark 
affinity propagation (LAP). Refianti et.al. (2012) compared accuracy and effectiveness of AP and K-Means 
algorithm. The authors have found that AP to be more effective than K-Means by implementing these algorithms 
on the relationship between two variables i.e Grade Point Average (GPA) and duration of Bachelor-Thesis 
completion at Gunadarma University. Yang and Bruzzone (2010) used AP for classifying large amount of remote 
sensing images data quite accurately. Authors found the algorithm to be very much efficient for clustering of data 
for which training data is not available. 
 
2. Methodology 
Off street pedestrian facility serves only non-motorized traffic and is separated from motor vehicle traffic to the 
extent that such traffic does not affect their quality of service. There are three general categories of exclusive 
pedestrian facilities: walkways, cross-flow areas, and stairways. The LOS thresholds for each category are 
different, but all are based on the concept of space per pedestrian, which is a measure of pedestrian comfort and 
mobility. The HCM 2010 methodology for determining PLOS categories is followed in this study. Following are 
the steps shown in Figure 1 taken to determine the LOS of exclusive off-street walkways facilities considering 
the average space parameter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: LOS methodology for off-street walk-ways 
(Source: HCM 2010) 
 
2.1. Determination of Effective Walkway Width 
Effective walkway width is the portion of a walkway that can be used effectively by pedestrians. Various types of 
obstructions and linear features, discussed below, reduce the walkway area that can be effectively used by 
pedestrians. The effective walkway width at a given point along the walkway is computed as follows:  
 OTE WWW                                                                                      
          (1) 
Where 
WE= effective walkway width, 
Step 1: Determination of the effective walkway width 
Step 2: Calculation of the pedestrian flow rate 
Step 3: Calculation of the average pedestrian space 
Step 4: Determination of LOS 
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WT= total walkway width at a given point along walkway, and 
WO= sum of fixed object effective widths and linear feature shy distances at 
a given point along walkway. 
 
2.2.   Calculation of Pedestrian Flow Rate 
An hourly pedestrian demand is used as an input to the analysis. Consistent with the general analysis procedures 
used throughout the HCM, hourly demand is usually converted into peak 15min flows, so that LOS is based on 
the busiest 15 consecutive minutes during an hour: 
PHF
hVV
415         
(2)
          
 
Where,
V15= pedestrian flow rate during peak 15 min (p/h), 
Vh= pedestrian demand during analysis hour (p/h), and 
PHF = peak hour factor. 
However, if peak-15min pedestrian volumes are available, the highest 15-min volume can be used directly 
without the application of a peak hour factor. Next, the peak 15-min flow is converted into a unit flow rate 
(pedestrians per second per meter of effective path width): 
E
P W
V
V
15
15
        
(3)
                  
 
 
Where, 
VP is pedestrian flow per unit width (p/m/sec) and all other variables are as previously defined. 
 
2.3.   Calculation of Average Pedestrian Space 
The service measure for walkways is pedestrian space, the inverse of density. Pedestrian space can be directly 
observed in the field by measuring a sample area of the facility and determining the maximum number of 
pedestrians at a given time in that area. The pedestrian unit flow rate is related to pedestrian space and speed: 
P
P
P V
SA
        
(4)
               
 
Where, 
AP= pedestrian space (m2/p), 
Sp= pedestrian speed (m/sec), and 
Vp= pedestrian flow per unit width (p/m/sec). 
 
2.4. Volume by Capacity ratio Calculation 
For determination of PLOS category of off-street pedestrian facility volume to capacity (v/c) ratio is one of the 
most important factor. For this study pedestrian hourly volume can be found out from video data collection and 
capacity of side-walks has been taken from IRC: 103-1988. Here width of side-walk for 1.5m, 2m, 2.5m, 3m and 
4m capacities in number of persons per hour in both directions are 800, 1600, 2400, 3200 and 4000 respectively. 
 
2.5.   Determine Pedestrian Level of Service 
PLOS categories are to be resolute on the basis of average pedestrian space (Ap). Six number of   PLOS 
-street pedestrian facilities. Not only on the basis of average 
space, other related measures like flow rate, average speed and volume by capacity ratio are also considered for 
categorisation of PLOS. 
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3. Cluster Analysis 
Cluster analysis or clustering is the task of grouping a set of objects in such a way that objects in the same group 
(called cluster) are more similar (in some sense or another) to each other than to those in other groups (clusters). 
good 
clustering method will produce clusters with the property that their intra-cluster distance is small and their inter-
cluster distance is large (Kaufman and Rousseeuw, 1990). Affinity Propagation clustering applied to define 
PLOS are discussed below. 
 
Affinity Propagation (AP) Clustering 
Affinity propagation is a low error, high speed, flexible, and remarkably simple clustering algorithm that may be 
used in forming teams of participants for business simulations and experiential exercises, and in organizing 
-equation algorithm is easy to encode into a 
computer program.  Figure 2 shows the steps those are performed during AP clustering. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Flowchart of AP Clustering 
 
Procedurally, the algorithm operates on three matrices: a similarity (s) matrix, a responsibility (r) matrix, and 
availability (a) matrix. Results are contained in a criterion (c) matrix. These matrices are iteratively updated by 
four equations, where i and k refer, respectively, to the rows and columns of the associated matrix.  
The algorithm is processed in the following seven steps to find out the exemplar which is the cluster centre.  
Steps:  
1. Input similarity matrix s (i,k): the similarity of point i to point k. 
2. Initialize the availabilities a(i, k) to zero: a(i, k)=0. 
3. Updating all responsibilities r (i,k):  
'
' '( , ) ( , ) max ( , ) ( , )                                    (5)
k k
r i k s i k a i k s i k  
4. Updating all availabilities a (i,k):        
Start
Similarity 
Matrix 
Constructi
End 
Change in 
decision? 
Availabilit
y 
Update  
Responsibility(
R)
Update  
Availability 
E=A+R 
When E>0, 
Exemplar Identified 
N
Y
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'
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( , ) min 0, ( , ) max 0, ( , ) ,  for              (6)
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a i k r k k r i k k i      
                      
5. Availabilities and responsibilities matrix were added to monitor the exemplar decisions. For a particular data 
point i ; a(i,k) + r(i,k) > 0 for identification exemplars.  
6. If decisions made in step 3 did not change for a certain times of iteration or a fixed number of iteration reaches, 
go to step 5. Otherwise, go to step 1.  
7. Assign other data points to the exemplars using the nearest assign rule that is to assign each data point to an 
exemplar which it is most similar to. 
4. Study Corridors and Data Collection 
Two important cities Bhubaneswar and Rourkela of Odisha state, India are taken up in the present study. 
Bhubaneswar, the temple city enjoys excellent connectivity with other adjoining regions of strategic importance - 
however, the passenger transit option needs improvement of greater interaction. Bhubaneswar is primarily an 
administrative city and a tourism city. Bhubaneswar has emerged as a fast-growing, important trading and 
commercial hub in the state and eastern India. Tourism is a major industry, attracting about 1.5 million tourists in 
2011. Bhubaneswar was designed to be a largely residential city with outlying industrial areas. The economy had 
few major players until the 1990s and was dominated by retail and small-scale manufacturing. There exists a 
significant level of disparity within this region in terms of accessibility to major urban centres. At intra urban 
level, incapacity of the existing traffic and transportation network will create a serious constraint to its future 
growth. The traffic demand management will play a key role as the role of supply management is near 
exhaustion. On the other hand Bhubaneswar enjoys a variable level of mobility at different parts of the city. 
Rourkela, the site for this study is commonly known as the steel city in all over world is one of the largest cities 
located at northern west of the Odisha state. It is situated at the heart of mineral belt .The correct selection of 
sample sites is an important issue in designing the field survey. In reality, selection of a proper site is not an easy 
task because different routes need to appear in different LOS conditions to examine the influence of LOS on 
pedestrian route choice. Sampled area sees heavy foot traffic, because of sidewalks on the streets and transit 
points. Riders of public transportation (subway, bus, train) usually walk from transit points to their destinations. 
Another feature of the selected area is the great variety of land uses: residential, commercial, office and 
institutional (e.g., school, hospital). Often, commuters need to walk at least a short distance to reach their final 
destinations. Bhubaneswar and Rourkela has straight, wide streets, unlike the narrow, winding, ancient streets 
found in most Indian cities. Almost all the streets have sidewalks that are separated from the carriageway by 
small trees and curbs. Since bicycle lanes have not been established in cities cyclists also use these sidewalks. 
Streets are arranged in a grid, meeting at signalized and un-signalized intersections that are installed with 
pedestrian crosswalks. In the surveyed area, almost all the streets have sidewalks on both sides and crosswalks at 
intersections. Study corridors for the study area are presented in Figure 3. 
 
 
 
 
 
 
 
 
Bhubaneswar Study Corridors Rourkela Study Corridors 
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Increasingly, researchers are using video camera to observe and collect data about pedestrians. Video data has 
plenty of advantages over direct observation: one can collect data from the video carefully back in the office or 
lab, can easily share video with others to illustrate a point, and there are tools available to automate data 
collection. High resolution video camera was fixed to the side of the foot-path that is the pedestrian off-street 
facilities with the help of a tripod stand. Always a length of 4m has been marked to observe the flow of 
pedestrian. However the start and end point of the stretch having four meter length of the footpath helped in 
determining the speed of the pedestrian. Pedestrian speed and attributes on road features data were collected on a 
sample of 3,764 pedestrians observed at various sidewalk locations in both of the cities about 62 days in both 
peak and off-peak hours of working and non-working days. This shows that a large size data set is used for the 
development of LOS categories in this study. The speed of each pedestrian is recorded by using stopwatch. With 
the help of stopwatch pedestrian crossing time from the starting point to the end point of the observed portion of 
the off-street segment was recorded. From which pedestrian speed per meter is calculated and average speed of 
pedestrian for each segment is taken for further calculation. It is assumed that the average speed of pedestrians on 
the observed section of the facility represents the average speed of the street segment as a whole. In the same 
locations, over the same time period, all pedestrians were counted in order to determine sidewalk flow rates, and 
basic information about each of the 31 station points was recorded. Then the videos loaded to computer to play 
the recorded videos. Manually the pedestrian peak volume and flow rate were calculated from video data. It is 
observed that in these two cities pedestrian flow and density are comparatively lower because population sizes of 
these two cities are less than a million and also mobility due to commercial activities is comparatively lower. 
Based on these sets of data, two databases were built: a database containing speed and an aggregate database of 
each of the study locations. This aggregated locational database includes the calculated flow rate based on the 
count at the location, the effective width of the sidewalk, and land use proportions based on two cities. Effective 
walkway width is the portion of a walkway that can be used effectively by pedestrians. Various types of 
obstructions such as trees, electric poles, information sign boards, projections of road side shops and linear 
features, reduce the walkway area that could have effectively used by pedestrians.  
5. Results and Analysis 
Average pedestrian space, flow rate, speed and volume to capacity (v/c) ratio are calculated on each segment and 
Affinity Propagation Clustering is applied to all these parameters.  Then these four parameters are classified into 
six groups (A to F) for LOS categories; thus pedestrian space, flow rate, speed and volume to capacity (v/c) ratio 
ranges for LOS categories are defined in Indian context. 
AP clustering which is a very much new clustering tool developed in the recent past is used to get the 
PLOS ranges. For determination of the PLOS criteria for off-street pedestrian facility, pedestrian space, speed, f 
low rate and v/c ratio data acquired through video data are taken as input parameter. Figure 4 and Table 1 shows 
the different ranges of four parameters for PLOS categories in Indian context.    
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Figure 4:  PLOS Categories of Urban off-Street Pedestrian Facilities using AP Clustering on Various 
Parameters 
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LOS 
Average 
Space 
(m2/p) 
Related Measures  
 
Comments Flow Rate 
(p/sec/m) 
Average  
Speed 
(m/sec) 
 
v/c ratio 
A >14.42  >1.53  Ability to move in desired path, no need to alter 
movements 
B  >11.3-      
14.42 
>0.052-
0.065 
>1.36-1.53 >0.4-0.57 Occasional need to adjust path to avoid conflicts 
C >8.42-
11.3 
>0.065-
0.081 
>1.14-1.36 >0.57-0.76 Frequent need to adjust path to avoid conflicts 
D >7.82-
8.24 
>0.081-
0.095 
>0.93-1.14 >0.76-0.9 Speed and ability to pass slower pedestrians 
restricted 
E >5.3- 
8.24 
>0.095-
0.114 
>0.71-0.93 >0.9-1.00 Speed restricted, very limited ability to pass 
slower pedestrians 
F  >0.114  >1 Speed severely restricted, frequent contact with 
other users 
 
2/p and 
2/p. Pedestrians will face frequent contact with other users and speed is 
restricted when flow rate is greater than 0.114p/sec/m and at that time volume to capacity ratio is at extreme level 
i.e. near about 1. Whereas pedestrians can move at their desired speed at less than 0.052 p/sec/m flow rate and 
which is the free flow state and here 
pedestrians move at near about 1.53m/sec speed. LOS A represents the best operating conditions from the 
 perspective and LOS F the worst. For cost of construction, environmental impact, and other reasons, 
roadways are not typically designed to provide LOS A conditions during peak periods, but rather some lower 
LOS that reflects a balance between individual  
Nevertheless, during low-volume periods of the day, a system element may operate at LOS A. PLOS B also 
perform a good facilities for the pedestrians flow where walkers are having 11.3 m2/p average space and they can 
move with a speed of 1.36m/sec. In LOS B very rarely road users have to change or alter their path. As disused in 
the data collection part the data collected from these two cities are having low population density which results in 
high rang of LOS categories developed using average pedestrian space as the measure of effectiveness. From the 
speed data evaluation it is observed that speed of pedestrian ranges from 0.45m/sec to 1.76 m/sec which is 
practically occurs due to the variation in the importance of the road segment and pedestrian behaviour. In the 
market areas, pedestrian moves in a low speed because of many activities within a small crowed location. Also 
people move at much relaxed manner with family members during shopping. Whereas,  in order to reach at office 
from various transit points such as bus-stand and railway station pedestrian move at much faster speed. Similarly, 
after the offices closed pedestrians move faster to catch the transit facilities. Even-though, high speed during 
these morning and evening peak hours and low speed for shopping and recreational activities are comparatively 
less in terms of sample size but these data are influencing the result   significantly; which is observed from the 
present study.  
 
 
 
Table 1: PLOS Categories for Urban off-Street Pedestrian Facilities using AP Clustering 
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6. Conclusions  
Over the years, PLOS methods have been developed in a variety of ways for different walking environments and 
it has been suggested for substantial improvements in the analysis procedures. Majority of these methods and 
models have been developed by combining models that have been applied to other choice contexts and, as a 
result, are not suited to universal applications. In Indian context no suitable methodology is developed to access 
the pedestrian level of service (PLOS). Various models available are suitable for homogenous traffic flow 
condition as seen in developed countries.  From the available source it is found that HCM (2010) methodology 
for the prediction of PLOS can be used for Indian context after due modifications. Hence the PLOS methodology 
developed in HCM (2010) is adopted in this study. Different LOS values based on pedestrian space, flow rate, 
speed of pedestrian and volume to capacity (v/c) ratio are defined from clustering analysis method which gives 
numeric ranges for LOS categories. By using AP cluster analysis, ranges of parameters for six pedestrian levels 
of service categories i.e. A, B, C, D, E and F are defined for off-street walking facility in Indian context; where 
. The PLOS ranges defined in this study 
are significantly different from that mentioned in HCM (2010) because of highly heterogeneous traffic flow on 
main carriageway, poor enforcement of traffic laws, varying road geometry, unauthorized vendors activities, 
unwanted obstructions from utilities, and illegal parking on off-street facilities. Considering the local condition, 
data collection method using video cameras and Affinity Propagation (AP) clustering techniques can be applied 
in other countries to define the PLOS categories. One limitation to the application of AP cluster analysis is that it 
require large amount of data set for which is cumbersome. This study is carried out for two cities having 
population size less than a million each; hence similar studies can be carried out for other bigger cities having 
population size more than a million to develop comprehensive PLOS. Also qualitative study can be done for 
defining PLOS categories and relationship between qualitative and quantitative study need to be establish. 
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